I. INTRODUCTION
The study of high energy photon-nucleon interactions has been hampered by the lack of a source of monochromatic gamma rays. The usual source is a beam of electron Bremsstrahlung radiation with the familiar continuous energy spectrum -1 weighted by k , where k is the photon energy. Thus, no a priori photon energy information is available, and the kinematic analysis of reactions has one less constraint than is the usual case for charged beams.
Subtraction experiments, in which the primary electron energy is varied, give the effect of a single energy band, but require enormous statistics, and are appropriate only for the simplest reactions.
In all cases the heavy weighting of the Although the total Bremsstrahlung cross section is orders of magnitude greater than the total annihilation cross section, the angular intensity of the Dremsstrahlung decreases with increasing angle much more rapidly than does that of the annihilation radiation and at an angle of several milliradians the contribution to the intensity of the monochromatic component is comparable lo that of the integral of the Bremsstrahlung from -1 BeV to the maximum energy.
This beam is being used for bubble and spark chamber exposures to photons of energies between 4 and 9 GeV, and is capable of producing beams down to about 1 GeV if required.
Beam design considerations are summarized in Section II; the experimental arrangement is described in Section III; Section IV contains the results of the initial tuning of the beam and Section V describes the use of the beam in high energy photoproduction experiments at SLAC.
II. BEAM DESIGN CONSIDERATIONS
A positron beam can produce photons via the processes:
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Reactions (2) -(4) constitute an unavoidable background source to the monochromatic photons arising from the two-body final state (1). The relative background from (2) and (3) is independent of the target material while (4) will scale as Z2. For this reason it is desirable to use hydrogen as the target material.
When a positron of energy E annihilates the energy K of the photon i:initted at a laboratory angle (8) is given to excellent approximation by 
where the approximation is for the case 8 = s, the best angle to use on the basis of AE background considerations.
A E of less than lo/C is easily attainable at SLAC. The net AK angular acceptance AtI is then adjusted to give a net 7 acceptable to the experi- Such a measurement also serves to check the alignment of Cl, and similarly C2 may be set to intercept the rrwingsIr of the photon beam.
A second scintillator L2, identical to and in logical coincidence with R2, was then traversed across the spatial region containing the photon beam which was complementary to that striking R2. The resulting coincidence distribution is shown in Fig. 3b . The center of this distribution can be determined to an accuracy of less than 1 mm. This measuement provides a check on the positron energy which,
.for near symmetrical annihilation, depends only on the opening angle between the two photons.
To obtain a quick on-line measurement of the photon energy spectrum, we used a total absorption shower counter consisting of 16 radiation lengths of Pb sandwiched between 16 pieces of plastic scintillator each of dimension l/4!' X 4" X 4". The counter was placed at the symmetry angle for 10.2 BeV positrons. The pulseheight spectrum is shown in Fig. 4 . The width of the distribution is dominated by the counter resolution. The ratio of Bremsstrahlung to annihilation is consistent with the predictions. 2,s
V. USE OF BEAM IN PHOTOPRODUCTION
To date the annihilation photon beam has been used in two experiments:
photoproduction of pion pairs and (2) a study of yp interactions in the SLAC 40" hydrogen bubble chamber.
Pion Pair Photoproduc tion Spark Chamber Experiment

A. Energy Spectrum
The pion-pair photoproduc tion experiment utilizes a large aperture magnet for momentum analysis of the 7~* followed by a system of wire spark chambers which is triggered by some scintillation counters. The entire set up is readily converted into a pair spectrometer which provides a means of measuring the photon beam energy spectrum.
We made measurements on 5 BeV photons from 6. The calculation assumes an energy independent pair production cross section and a Bethe-Heitler electron energy distribution. 6 Folding the efficiency into the raw data we arrive at the results contained in Fig. 6 .
We have compared the data in Fig. 6 with a further Monte Carlo calculated distribution including the following effects: (1) 
B. Photon Flux
The spectrum was fitted to an expression which included contributions from e+ + e-and e+ + p Bremsstrahlung and the annihilation process (with a
Gaussian parameterization).
The result is that the data in Fig. 6 contain 40% annihilation photons, while one expects 3 to find a 500/c annihilation contribution.
We believe the most likely source of the difference is from secondary Bremsstrahlung from e+ scatters at large angles, and showers in the collimators. Figure 7 displays the dipion energy spectrum obtained from a Be target.
The similarity of the photon spectrum (Fig. 6 ) and the dipion spectrum is obvious and immediately indicates that quasi-elastic dipion production dominates the interaction.
The photon flux was normally maintained at a level of 50-100 annihilation photons per pulse. This level was dictated by the requirement of reducing spurious sparks in the spark chambers to a tolerable level. The maximum flux available was about 3-4 times greater than that used.
C. Photon Beam Monitors
The photon beam was monitored by converting the last sweeping magnet (D4) into a pair spectrometer. A thin converter was located at C2 and two 2" x 2" scintillators positioned symmetrically at the exit of D4. The coincidence rate was maximized by varying the magnetic field in D4 for each monochromatic energy used.
The response was qualitatively similar to results in Fig. 6 . This method provides an energy sensitive on-line monitor with minimal interference with the beam.
A second on-line monitor (for checking the D4 pair spectrometer stability)
consisted of a scintillator located in a block of tungsten in which we dumped the transmitted photons. The output current of this counter was integrated and recorded on a digital voltmeter which was periodically interrogated by the computer.
Photoproduction Experiment In The Hydrogen Bubble Chamber
The SLAC 40" hydrogen bubble chamber has been exposed to the annihilation beam and over one million photographs taken. The chamber is cylindrical, has a visible diameter of 40" at the central plane of the chamber and has a depth of 20".
The illumination is the bright field type, using a "Scotch-lite" surface on the face of the piston expander. The chamber has a central magnetic field of 26 KG, varying by less than 4% over the volume of the chamber.
In order to achieve *l. 50/c energy resolution, so that the beam energy error will be smaller than the average charged track measurement error in the bubble chamber, the target length used was 15 cm. This introduces an average phot,on obtained by calculating the production angle from the position of the interaction in the bubble chamber is shown in Fig, 9 . Here the number of photons is plotted against the difference between measured and calculated pair energy. The width of the approximately gaussian peak around zero difference is * 2.50/c, which is comytlliblc with the estimated true photon energy spread and the track measurement errors (the latter spread is abnormally large owing to Bremsstrahlung cncrgy loss of the electrons and the positrons in the chamber).
Using the photon energy constraint, it has been shown that a clean separation of events with a single neutral particle from those with zero neutrals and with more than one neutral particle is obtained.8 
